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(57) Abstract 

A receiving circuit for digital demodulation communication system including channels, which reduces the 
power consumption of the receiving system, has a simple structure and consumes a small power. Two frequencies 
higher and lower the middle value of the frequencies of the channels are supplied to first and second frequency 
converting circuit (2 and 3) respectively from a local frequency! signal generating circuit (4). Two output signals are 
generated for each of three signals of desired wave, higher channel and lower channel. The desired wave commonly 
existing in the circuits (2 and 3) are extracted by means of a common wave extracting circuit (5). The frequency offset 
uo in the output of the circuit (5) is removed by means of a frequency offset circuit (6) and the unnecessary frequency 
components are removed through a filter (8). By using a commons wave extracting circuit (5) having a transformer 
to utilize the mutual inductance, the difference between the common and noncommon waves is twice larger than that 
of conventional. 
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(54) RECEIVING CIRCUIT 

(57) A receiving circuit mainly available in a digital 
modulation type communication system having a plural- 
ity of channels, which is capable of reducing power in a 
receiving system, simplifying the circuit and reducing 
the power consumption. Upside and downside frequen- 
cies corresponding to a central value between channels 
are separately supplied from a local frequency signal 
generating circuit 4 to first and second frequency con- 
verting circuits 2, 3 so that two output signals are devel- 
oped with respect to one of a desired wave, upside 
channel and downside channel. The desired wave 



converting circuits 2, 3 is extracted in a common wave 
extracting circuit 5, and a frequency offset of coo existing 
in the output of the common wave extracting circuit 5 is 
removed a frequency offset circuit 6 and further an 
unnecessary frequency component is filtered by a filter 
8. In addition, the common wave extracting circuit 5 has 
transformers and, using its inductances, raises the dif- 
ference between the common wave and the non-com- 
mon wave within the circuit to more than two times that 
of a prior art. 
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Description 

BACKG ROUND OF THE INVENTION 
5 [Field of the Invention] 

The present invention relates to a receiving circuit, and more particularly to a receiving circuit which permits sim- 
plification of its circuit arrangement and which further allows less power for a receiving system concurrent with reduction 
of power consumption. 

io 

[Description of the Prior Art] 

One of important points needed for a receiving circuit in communications is to possibly reduce high-frequency cir- 
cuit portions to thereby lessen a high power consumption factor, unstable operation factor and high manufacturing cost 

is inherent in the high-frequency circuit, coupled with a space occupied by that circuit. These points are particularly impor- 
tant for mobile communication systems and others. For the reduction of the high-frequency circuit portions, a direct 
demodulation method has been proposed heretofore in terms of multiple frequency conversion and carrier frequency, 
thus accomplishing the direct conversion into a tow frequency and the direct demodulation into a baseband. The afore- 
said high-frequency circuit portion mainly constitutes a space diversity reception function necessitating two antenna 

20 systems. 

As the direct demodulation method, there have been developed a number of methods in which a local oscillator 
generates a signal with a frequency equal to the carrier frequency which in turn, is mixed with a received input wave to 
derive a baseband signal therefrom. This direct demodulation method is made to produce a high-frequency signal with 
a frequency equal to the received signal frequency, and the high-frequency signal can be easy to release or emit in the 

25 air through an antenna of the receiver. Accordingly, another receiver adjacent thereto undergoes interferences to be 
inhibited from establishing communications. For this reason, this method has chiefly been adopted for communications 
based on frequency modulation methods which are relatively strong to single frequency interferences. 

On the other hand, radio portable telephones, being recently rapidly put in widespread use, rely on a so-called PSK 
which is one amplitude transport modulation method, and the single frequency interference produces an offset in a 

30 demodulated output to deteriorate the error rate of a received signal. That is, since the local oscillation frequency can 
not take the carrier frequency, in this kind of communication method difficulty is encountered in direct frequency conver- 
sion and direct demodulation. One approach to resolve such a technical problem involves a method which, if a carrier 
frequency for a radio portable telephone is taken as fc and an offset frequency is taken to be fo, obtains fc + fo and fc - 
fo in order to provide a frequency-offset complementary local oscillation frequency for a frequency conversion. For car- 

35 rying out this method, fc + fo and fc - fo are obtainable by multiplication process of fc and fo through a mixer (frequency 
mixer), while both signals fc + fo and fc - fo coexist in an output. More specifically, although the aforesaid process inde- 
pendently requires signals with the respective frequencies, the prior system can not practically satisfy this requirement. 
The prior system essentially employs filters for the respective frequencies, while suffering a disadvantage that a carrier 
frequency for a desired signal is variable and hence the filters need to designed to cope with the frequency variations. 

40 

SUMMARY QF THE INVENTION 

71 ic? ^: i: rjci tlluj t i : a s u^i i uuvuiuuuu Wiiri a View to renewing tne nnnr pro^em^ snri >\ ;= the~e-0?e a'jeverd! 
csjcci or in 2 prcccnt :nvcnt:cr. to prov;Cc s receiving c^'Cu:! in a CuMimuu-Cdliuii system wiih a p:urr?iiry o? channels, 
45 vvfticn is caoabie of lessening the power npcp^ary in p. rproiyinn cyctom anH m reducing the power ccncurrtpticn with 
a simplified circuit 

Another general object of this invention is to provide a receiving circuit which can provide the frequencies fc + fo 
and fc - fo for elimination of the problems related to the aforementioned ordinary methods. 

f'/cre Gp£cif:ca!!y ; an object of this invf- nfen ?$ to provide a receiving circuii which performs a direction frequency 
so conversion of a frequency in between the channels o? a receiving system as a iocai frequency of a receiver and prevents 
the occurrence of the frequency offset in its output signal and the mixing of a signal of the adjacent channels thereinto. 

In addition, a further object of this invention is to structurally review functional parts making up a receiving circuit to 
reduce the functional parts suffering from a large power consumption or replace them with different ones. 

For these purposes, as one example, a receiving circuit according to this invention is composed of first and second 
55 frequency converting circuits for accepting a received signal obtained through an antenna, a local frequency signal gen- 
erating circuit for generating middle (intermediate) frequencies between a radio carrier frequency of the received signal 
and radio carrier frequencies of adjacent upside and downside channels and further for outputting the upside frequency 
of the upside and downside two wave frequencies as a conversion frequency input to said first frequency converting cir- 
cuit and for outputting the downside frequency thereof as a conversion frequency input to said second frequency con- 
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verting circuit, a common wave extracting circuit for extracting a component present in common in both outputs of the 
first and second frequency converting circuits, a frequency offset circuit for removing a frequency offset remaining in an 
output of the common wave extracting circuit, and a filter for removing an unnecessary frequency component remaining 
in an output of the frequency offset circuit 

6 In addition, in this invention, a means to resolve the prior problems is added to a local frequency complementary 

offset type direct frequency converting system, which bases this invention. A space diversity function can be realized 
with a receiving circuit based on a single direct quadrature detector. 

With this arrangement, a received signal obtained from an antenna is fed to the first and second frequency convert- 
ing circuits, while the local frequency signal generating circuit supplies, to the first and second frequency converting cir- 

10 cuits, two different frequencies, i.e., the upside and downside frequencies corresponding to central values between 
channels, thus producing two output signals in terms of each of a desired wave, an upside channel and a downside 
channel. Further, a desired wave channel signal being a signal component present in common in both the first and sec- 
ond frequency converting circuits is extracted in the common wave extracting circuit Since a frequency offset of coo 
remains in the output of the common wave extracting circuit, a minute frequency conversion is carried out in the offset 

15 frequency circuit to remove the offset amount. Moreover, an unnecessary frequency component generated in this proc- 
ess is removed through a filter, before the resultant signal is supplied as a baseband signal to a baseband signal 
processing section. 

In accordance with a preferred form of this invention, a receiving circuit comprises first and second frequency con- 
verting circuits for accepting a received signal obtained through an antenna, a local frequency signal generating circuit 

20 coupled to the first and second frequency converting circuits for generating middle frequencies between a radio carrier 
frequency of the received signal and radio carrier frequencies of adjacent upside and downside channels and further 
for outputting the upside frequency of the upside and downside two wave frequencies as a conversion frequency input 
to the first frequency converting circuit and for outputting the downside frequency thereof as a conversion frequency 
input to the second frequency converting circuit, a common wave extracting circuit for extracting a component present 

25 in common in both outputs of the first and second frequency converting circuits, a frequency offset circuit for removing 
a frequency offset remaining in an output of the common wave extracting circuit, and a filter for removing an unneces- 
sary frequency component remaining in an output of the frequency offset circuit 

In another preferred form of this invention, a receiving circuit comprises first and second frequency converting cir- 
cuits for accepting a received signal obtained through an antenna, a local frequency signal generating circuit coupled 

30 to the first and second frequency converting circuits for generating middle frequencies between a radio carrier fre- 
quency of the received signal and radio carrier frequencies of adjacent upside and downside channels and further for 
outputting the upside frequency of the upside and downside two wave frequencies as a conversion frequency input to 
the first frequency converting circuit and for outputting the downside frequency thereof as a conversion frequency input 
to the second frequency converting circuit, a first frequency offset circuit for removing a frequency offset contained in 

35 an output of the first frequency converting circuit, a second frequency offset circuit for removing a frequency offset con- 
tained in an output of the second frequency converting circuit, a common wave extracting circuit for extracting a com- 
ponent present in common in both outputs of the first and second frequency offset circuits, and a filter for removing an 
unnecessary frequency component left in an output of the common wave extracting circuit. 

In a further preferred form of this invention, a receiving circuit comprises first and second frequency converting cir- 

40 cuits for accepting a received signal obtained through an antenna, a local frequency signal generating circuit coupled 
to the first and second frequency converting circuits for generating middle frequencies between a radio carrier fre- 

_4 ♦> ~.„„*, t ~r»r< xtrriAr ♦r/swunrxMnc. ~<>. ~» r>on * I rr»e«rtO ?->r*f i S-W*tt»i*tC'S-iQ ( t i^iS\r,&'*5 ^fifi Km "il'in' fw»' 
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the first frequency cOAvcrLj iy uiculi cuiJ Cu'ipuUm^ u~.3 dcwr»s^e frequency thereof cs a converter! frequency tnput 
45 to the second frequency converting circuit, first quantizing means for quantizing an output of the first frequency convert- 
ing circuit, second quantizing means for quantizing an output of the second frequency converting circuit, a common 
wave extracting circuit for extracting a component present in common in both outputs of the first and second quantizing 
means, a frequency offset cfrcuii for removing a f requency offset remaining in an output of the common wave extracting 
circuit; and a filler for remcvirifj an unnecessary frequency component left in an output of the frequency offset circuit. 
so In a further preferred form of this invention, a receiving circuit comprises first and second frequency converting cir- 
cuits for accepting a received signal obtained through an antenna, a local frequency signal generating circuit coupled 
to the first and second frequency converting circuits for generating middle frequencies between a radio carrier fre- 
quency of the received signal and radio carrier frequencies of adjacent upside and downside channels and further for 
outputting the upside frequency of the upside and downside two wave frequencies as a conversion frequency input to 
55 the first frequency converting circuit and for outputting the downside frequency thereof as a conversion frequency input 
to the second frequency converting circuit, first quantizing means for quantizing an output of the first frequency convert- 
ing circuit, second quantizing means for quantizing an output of the second frequency converting circuit, a first fre- 
quency offset circuit for removing a frequency offset contained in an output of the first quantizing means, a second 
frequency offset circuit for removing a frequency offset contained in an output of the second quantizing means, a ccm- 
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